Abstract
Introduction
comfortable indoor environment without using energy [10, 11] . Nowadays, modern version 
27
The device provides natural ventilation to buildings through wind-driven airflow and thermal 28 effects (buoyancy flows) [14] . Traditionally, wind tower were tall structures which captures 29 wind at higher altitude and wetted clothes were located inside to cool the air supplied to the 30 space below [10] . A different version of a wind tower with evaporative cooling is shown in 31 Figure 1b, which used clay conduits and water spray to cool the air [10] . During night-time, the wind tower can also provide cooling by "night-flushing" or removing the stored heat in 1 the building fabric. Recently, several studies [15] [16] [17] have proposed the addition of heat pipes 2 in windcatchers to enhance its cooling operation and address the issues associated with 3 evaporative cooling method which are detailed in [16] . Figure 2 shows a schematic of the 4 windcatcher with horizontally-arranged heat pipes inside its channel. The system operates by 5 capturing hot outdoor airflow and passing it through one side of the heat pipe arrangement 6 (evaporator), which absorbs the heat and transfer it to a parallel cool sink (condenser). The 7 thermal energy is transferred to the heat pipes in the windcatcher channel where they are 8 cooled as the thermal energy is transferred to the passing airflow. The heat pipe system is 9 based on the continuous cycle of evaporation and condensation process. When heat is applied 10 to the external surface of the heat pipe, the liquid inside the tube boils and vaporises into a 11 gas that moves through the tube seeking a cooler location where it condenses, giving off its 12 latent heat [16] . This will maintain the operating conditions and repeat the cyclic operation of showing the interior of the system.
22
The objective of this work are two-folds: first, to determine the ventilation and cooling 23 potential of the windcatcher operating under hot climatic conditions by replicating the 24 monthly wind velocity, wind direction, temperature and relative humidity (RH) observed in a 25 hot-desert city such as Ras-Al-Khaimah (RAK), UAE. In our earlier works [15, 16, 18 ], 26 we've assessed the performance of the windcatcher system based on extreme outdoor 27 conditions (i.e. very high outdoor temperature), therefore this study aims to investigate its 28 operation in response to various outdoor conditions. In [15] , the authors compared the 29 ventilation and thermal performance of several types of cooling windcatchers; one-sided and 30 multi-directional using CFD modelling. In [16] , the ventilation and thermal performance of 31 evaporative cooling and heat pipe-assisted thermal loop for a wind tower in hot conditions 32 were compared using CFD analysis. In addition, two types of heat pipe fluids (ethanol and signified a remarkable effort to attain comfortable living in a hot climate. Coles et al. [13] 23 studied the effectiveness of Dubai's Bastakiya wind towers by carrying out measurement of 
7
Though the "non-functional" wind towers are copies of the ones in historic Bastakiya district, 8 it still shows that there is an awareness of its heritage value. As energy becomes less 9 affordable, energy security decreases and as people become more aware of the environmental 10 impact, the ability to passively cool buildings becomes more important. In eqn. 1, is density, t is time and u refers to fluid velocity vector.
26
(2)
In eqn. 2, p is the static pressure; g is the gravitational body force, is the molecular 27 viscosity and is the divergence of the turbulence stresses which accounts for auxiliary 28 stresses due to velocity fluctuations.
In eqn. 3, e is the specific internal energy, k eff is the effective heat conductivity, T is the air 1 temperature, h i is the specific enthalpy of fluid and j i is the mass flux. 
Geometry and computational domain 6
The windcatcher ( Figure 3 ) and test room geometry were created using the Solid Edge CAD Overall, the domain covered a volume of 23H x 21H x 17H. The outdoor domain consisted of
13
an inlet on one side and an outlet on the opposing boundary wall. August, with a mean temperature ranging between 37-40 ˚C as seen in Figure 9 . However,
15
due to limited availability of the test facility, the tests were carried out during the month of by using on-site supply of chilled water.
28
To minimise heat transfer, the walls and floor of the test room were highly-insulated and built were all connected to a data logger to monitor and collect the data. The uncertainty associated 7 with the measurement tool was ±0.6 °C at a temperature of 50 °C and ±0.5 °C at 0 °C. This 
Results and Discussion

17
CFD Results
18
A windcatcher is able to provide ventilation to buildings by the manipulation of pressure reduction in wind speed towards the ground as observed in Figure 13 . In addition, the test 7 room in the outdoor domain was also not included, hence this effect was not captured and 8 would also likely affect the simulation of the performance of the windcatcher. 
24
As compared to a system without any heat pipes, a distinctly higher airflow can be observed Figure 18 shows the predicted monthly supply and indoor air temperature results for the Table 2 Comparison between field test data and CFD prediction 26
Conclusion
27
The aim of this work was to further the research on this technology by determining the comfort is necessary.
Field testing measurements were carried out in the Jazira Hamra area of Ras-Al-Khaimah
28
(RAK), which is situated in the northern part of the United Arab Emirates (UAE The support by the University of Sheffield and CSEM (UAE) are gratefully acknowledged.
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The statements made herein are solely the responsibility of the authors. showing the interior of the system. 
